Abstract: Phonetic imitation is the unintentional, spontaneous acquisition of speech characteristics of another talker. Previous work has shown that imitation is strongly moderated by social preference in adults, and that social preference affects children's speech acquisition within peer groups. Such findings have led to the suggestion that phonetic imitation is related to larger processes of sound change in a change-by-accommodation model. This study examines how preferential processing of particular voice types affects spontaneous phonetic accommodation, interpreting the results in the context of how sound change can be propagated through a speech community. To explore this question eight model talkers previously rated as attractive, unattractive, typical, and atypical for each gender were used in an auditory naming paradigm. Twenty participants completed the task, and an AXB measure was used to quantify imitation. Female participants imitated more than male participants, but this varied across model voices. Females were found to rely more on social preference than men, while both groups imitated the atypical voices. The results suggest that females adapt their speech to auditory input more readily, but the nature of the accommodation does not qualify as direct evidence for a change-by-accommodation model given the constrained context of the task.
Introduction
As infants acquire language, they learn the speech sounds that comprise the language and dialect spoken around them. This has long been established for perceptual categories (Werker and Tees 1984) , with recent findings underscoring the subtlety of this process: Cristià (2011) showed that infants' perceptual categories were shaped by the degree of contrast provided by the input of their maternal caregivers. Indeed, young language learners begin to show preferential patterns of language acquisition early on in production. For example, children show gender-specific speech patterns prior to the onset of puberty-induced anatomical differences (Sachs et al. 1973; Perry et al. 2001 ; though see Vorperian et al. [2009] for recent evidence of sex differences in vocal tract anatomy prior to puberty). This suggests that gendered speech patterns are at least somewhat learned, with young boys and girls modeling their speech patterns on select input, not an aggregate of all spoken language they have been exposed to.
Preferential acquisition plays out even more clearly in new dialect acquisition in children. When a child's home dialect is different from the mainstream ambient dialect spoken in the community, children acquire the mainstream variety of their peer-group (Payne 1980; Trudgill 1981; Chambers 1992) . In a study of koineization (i.e., new dialect formation) in Milton Keynes, a large town northwest of London, Kerswill and Williams (2000) observed that older children, aged 12, exhibited speech patterns which diverged from those of their caretakers and younger children, ages 4 and 8, in the community. Moreover, amongst these older children, those with limited peer networks and more home-oriented perspectives were more likely to share dialect patterns with their caretakers, as opposed to their peers. More recently, a study of English-acquiring infants aged 20 months exposed to non-local non-rhotic accents at home but rhotic accents at the local nursery found that, regardless of home-accent, all children exhibited improved recognition of the rhotic word forms (Floccia et al. 2012 ). This suggests that even at very early stages of language acquisition, children orient themselves to the local community, as opposed to their parents/caretakers.
Children's ability to selectively model their speech patterns on preferred input from their peer groups, as opposed to their earliest or most frequently experienced input received from their caretakers, provides strong evidence for preferential processing of speech input based on sociocultural factors. Not all phonetic input is weighted as heavily in forming underlying representations. These data also provide some evidence for the separation of perception and production: the linguistic representations accessed in speech production are not modelled on the aggregate of experiences received from perceptual input, but rather a selective slice of those experiences.
What happens to adults' more fully-formed linguistic systems in cases of dialect contact has been examined as well (Trudgill 1986; Munro et al. 1999; Evans and Iverson 2007) . Studies have found that adults acquire some features of the new dialect, but rarely, if ever, do the adults fully acquire the new dialect. In a singular example of contact, Harrington and colleagues showed a general drift in the highly prestigious speech of the Queen of England over the course of 50 years, reflecting influence from working and middle class speech from the south (Harrington et al. 2000a, b; Harrington 2006 Harrington , 2007 .
In these cases of adult dialect contact, it is less clear whether the acquisition of new speech patterns is the result of a positive social orientation to the new speech community or whether novel perceptual input drives shifts in production. Certainly, negative attitudes towards speakers of incoming dialects can be an impetus for change. Labov's (1963) study of Martha's Vineyard offers some insight into this issue. Labov examined the centralization of the diphthongs /ɑ͡ ɪ/ and / ɑ͡ ʊ/ with respect to age, ethnic, and occupational groups. The study took place at a point when demographic shifts were introducing mainland dialects to the area, largely through an increase in tourism that threatened Martha's Vineyard's traditional fishing lifestyle. Labov found that men aged 31 to 35 years, those who were most threatened by the growing tourism industry, had the highest rates of centralization. These men were diverging from the patterns in the uncentralized incoming dialects. Large-scale longitudinal studies, like the research conducted on Martha's Vineyard (see also Blake and Josey 2003; Pope et al. 2007) , are necessary to tease apart the roles of social preferences and novel perceptual input in cases of adult dialect acquisition and long-term change. However, in the shortterm, we can pit social preferences and novel perceptual input against one another in a spontaneous phonetic imitation paradigm. 1 Spontaneous phonetic imitation is the unintentional adoption of speech characteristics of another talker. Past research suggests that exposure to a speech stimulus causes a listener to exhibit properties of the stimulus in their own productions (Goldinger 1998; Namy et al. 2002; Shockley et al. 2004; Babel 2010 Babel , 2012 Nielsen 2011 ). Giles and colleagues (Giles 1973; Coupland and Giles 1988 ) created a generalized model of communicative interaction, which they term Communication Accommodation Theory (CAT). Within the CAT framework, listeners can deploy an arsenal of options within accommodation -convergence, maintenance, and divergence -in order to establish a desired social stance. They define speech convergence as a strategy "whereby dissimilarities between interlocutors' speech styles or code come to be reduced . . . correspondingly, 'speech divergence', the emphasizing or increasing of dissimilarities between styles", and speech maintenance as occurring when a speaker does not alter his or her speech when communicating with an addressee (Coupland and Giles 1988: 176) . While CAT categorizes all three of these speech strategies as a part of accommodation at large, for the purposes of this study, we refer specifically to speech convergence when referencing the process of speech accommodation. Trudgill (2008) has claimed that phonetic accommodation may provide the backbone for dialect acquisition and the means by which sound change is spread through a community. According to this hypothesis, individuals interacting in a speech community accommodate to changes made by other members, thus spreading innovations across the community. Moreover, the claim that accommodative speech processes can also provide the innovations themselves has been put forth by Pardo (2006) , Delvaux and Soquet (2007) , and Garrett and Johnson (2013) . Sonderegger (2012) refers to this hypothesis as the change-byaccommodation model. In such a model the imperfect accommodation to the signal, as well as constraints on perception and production which result in mutations to the signal, get passed on. While a highly appealing account for sound change, the process itself has only been tested empirically to a limited extent. Researchers, finding evidence for accommodation and convergence in experimental paradigms, conclude that because participants shift their productions in response to novel input in laboratory settings, accommodation must function as a means for spreading sound change in real-world contexts in a similar fashion.
The typical paradigm used to investigate phonetic imitation is an auditory naming task. Participants are first recorded producing baseline productions; subsequent productions are compared to these baseline productions to see how speech patterns have changed. Next, participants are presented with auditory input and asked to name the auditory object -identifying each word they hear by saying it aloud. These shadowed productions are then compared to the baseline productions and increased similarity between shadowed and model talker tokens is used as evidence for spontaneous phonetic imitation.
Using this paradigm, Goldinger (1998) found that low-frequency words are more likely to encourage imitation than high-frequency words and that both amount of exposure (to a word) and how long before a shadowed production is initiated interacted with the extent of imitation. This suggests that accommodation is partially dependent on the experience a listener has with a particular lexical item. Namy et al. (2002) replicated Goldinger's findings using two male voices and two female voices as models. They found that not only did female participants imitate more than male participants, but that female participants imitated one of the male voices noticeably more than the other males. This result is important as it indicates that not all input is treated equally, similar to the children's selective acquisition findings described above. Goldinger offers an exemplar-based phonetic system as the mechanism behind his findings; within such a system low-frequency words are accommodated more because there are fewer experienced tokens whose representations will compete with the input. He further extends this idea to voices, where low-familiarity voices will show less competition than high-familiarity ones (Goldinger 1998: 254) . What this model similarly suggests is that atypical voices are predicted to be imitated more, as listeners have less experience with such cognitively novel input and should show activation patterns similar to low-familiarity voices.
Despite the relatively asocial nature of the paradigm, Babel (2010 Babel ( , 2012 has shown that social preferences affect phonetic accommodation. In a study using an Australian model talker and New Zealand participants, Babel (2010) found that participants who were more positively biased towards Australia were more likely to shift the production of their vowels in the direction of the Australian model. Babel (2012) examined vowel imitation using two male speakers of California English as model talkers. The perceived physical attractiveness of one of the models, as rated from a photograph of the models, affected imitation, and it did so differently for male and female participants. The more attractive female participants rated the model, they more they accommodated his vowels. The reverse pattern was found for the male participants: the more attractive the males rated this model, the less likely they were to accommodate. Babel also reported that the participants who accommodated the most to /ɑ/ were Upper Midwesterners; given these participants have a fronted /ɑ/ which is more [a]-like with a higher F2 that is distinct from the California model talker's /ɑ/, Babel suggests that these participants accommodated more because they had phonetic space to do so. Another possibility, however, is that the backed [ɑ] of the model talker was unique, and this novelty elicited greater imitation.
That social preferences can positively affect accommodation leads to the possibility that this effect drives sound change through a community as its members interact. Similarly, negative disposition towards an interlocutor might lead to divergence. Therefore, the purpose of this study is to assess how preferential processing of particular voice groups affects spontaneous phonetic accommodation, with the broader goal of relating the findings to our understanding of how sound change can be propagated through a speech community and the variable acquisition of new dialects.
Following the assumption that what is attractive is well-liked (Byrne 1971) , and extending Goldinger's theory of low-frequency (or atypical) words to analogous predictions about atypical voices, we designed an auditory naming task containing eight voices: attractive, unattractive, typical, and atypical model talkers for each gender. Thus, four voices represent social preference poles (attractive/unattractive for both males and females), and four represent cognitive reflexes (typical/atypical males and females). Vocal attractiveness was assessed using a rating scale. Gender typicality was quantified using a speeded gender identification task, a paradigm that has been used previously to assess the typicality of both faces (O'Toole et al. 1998 ) and voices (Strand 1999) . This notion of typicality is connected to the ease of classification of a voice (e.g., Nosofsky 1988), which is a measure of perceptual fluency. Methodological information for these two tasks is described in the next section. By assessing the amount of accommodation, if any, that occurs in an auditory naming task with these different voice types, we can elucidate whether cognitive novelty or social preference provides a better account for accommodation, or if a hybrid model best characterizes the process. Moreover, understanding which types of voices lead to the most accommodation will help in devising theories of sound change and theories of the propagation of sound changes through speech communities.
Selecting the model talkers
As part of a previous study (Babel 2012) , 30 male (mean age 24, range 18-47) and 30 female (mean age 24, range 18-57) voices were recorded reading 50 lowfrequency monosyllablic words (Baayen et al. 1993) . A subset of 15 of these words was selected for the current experiment, shown in Table 1 . This subset was chosen as these words contained the vowels /i ɑ u/; these vowels typically represent the maximum dispersion of the first and second formant frequencies of a talker's acoustic-phonetic vowel space, which was of interest for an additional series of studies for which these tokens were also used. All 60 participants were native speakers of American English with no reported speech or hearing problems. The majority of the talkers were from California, and all talkers were from regions west of the Mississippi River. Participants were compensated $10 for their participation. Words were presented in 36-point font on the middle of the screen in a random order. Recordings were made directly to a computer hard drive through a pre-amp at 44.1 kHz sampling rate with a head-mounted AKG C520 microphone positioned three inches from the talker's mouth in a sound-attenuated room. All tokens were normalized to have the same RMS amplitude and had silence trimmed by hand from the beginning and end of each file.
Participants
Two independent groups of 30 participants (15 females and 15 males) from the University of California, Santa Cruz, community completed an attractiveness rating task (mean age 20, range 18-24) and speeded gender identification task (mean age 21, range 19-24) to assess the typicality of the voices. All listeners were native speakers of English from California and had no speech, language, or hearing disorders. Participants were compensated with course credit.
Procedure
The attractiveness rating task and the typicality task are described in turn. In the attractiveness rating task each trial consisted of the 15 tokens from a single voice presented sequentially in random order with 500 ms between each sound file. Participants listened to the voices over headphones at about 70 dB in a soundattenuated booth; up to three participants were run at a time at separate workstations. After being presented with the 15th token, listeners were asked to rate the attractiveness of the voice on a scale from 1-9, with 1 as very unattractive and 9 as very attractive. Participants were not given instruction on what constitutes 'attractiveness'. Subjects could only respond after all 15 tokens were presented and had an unlimited amount of time to respond. The tokens from the next voice were presented 1000 ms after the response was logged. The order of voices was randomized for each subject, and the experiment lasted approximately 35 minutes. Listeners for the typicality task were presented with a single token in a trial and asked to identify the gender of the voice for each word as quickly as possible. Like the attractiveness rating task, participants were seated at a work station in a sound attenuated booth; up to three participants were run simultaneously at separate stations. Each workstation was outfitted with a millisecond accurate PST serial response box with five buttons. Either the leftmost or rightmost button was labeled as "male", with the opposite-end button labeled "female", with the order balanced across subjects. Each trial began with a screen displaying the assigned labels of each button (e.g., 1 = Male, 5 = Female). After 500 ms, a single stimulus was presented and timing began from the onset of the sound file until the participant responded by pressing a button. Upon the conclusion of the trial, a screen displayed the participant's reaction time along with a message directing the participant to keep response times under 500 ms. Participants were given up to 1500 ms to log a response from the onset of the stimulus; failure to respond within this time resulted in the end of the trial. Self-timed breaks were offered every 180 trials. To keep the task a reasonable length, the word list for this experiment was truncated from 15 to 9 words. Stimulus presentation order was randomized across participants.
Analysis and results
To assess perceived attractiveness, average values were computed for each of the 60 voices. Agreement between raters was assessed using Kendall's coefficient of concordance. The results are summarized in Table 2 . Among all groups, for all listeners and voice genders, there was strong inter-rater reliability, as measured by Kendall's coefficients of concordance ( p < 0.001). All listeners' judgments for each talker were averaged by listener gender, and two Pearson product-moment correlation coefficients were computed to assess the relationship between male and female ratings of male voices and male and female ratings of female voices. Results showed a strong correlation between both sex's ratings for both male voices For the speeded-gender identification task, overall accuracy, as scored by the 60 talkers' self-reported gender, was 98%. Null responses and correct responses logged more than two standard deviations from the mean were removed. The remaining correct responses were used to calculate an average typicality value in Figure 1 . Higher attractiveness ratings indicate a more attractive voice and lower typicality scores indicate more prototypical voices. Note that these two measures were not significantly correlated [t(118) = 1.14, p = 0.26, Pearson's r = 0.10]; however, the top left-hand corner of the figure is relatively empty indicating there were no voices which were low in typicality and high in attractiveness. From these results, we selected the most attractive, least attractive, most typical, and least typical voices for each gender for use in the auditory naming task. While a lack of a correlation does not show that our measures are completely independent, our selection of model voices is a first step in examining how listener-determined voice profiles affect phonetic accommodation. The voices selected as models for the speech task are circled in Figure 1 . The voices at the extreme of each measure are circled, and these voices were selected as models for the auditory naming task. High attractiveness ratings indicate more attractive voices. Typicality is plotted in milliseconds; voices which were responded to more quickly (= lower response time) are more typical.
Auditory naming task
This section describes the auditory naming task using the Attractive Female (age 22) and Male (age 18) models, the Unattractive Female (age 18) and Male (age 23) models, the Typical Female (age 25) and Male (age 21) models, and the Atypical Female (age 57) and Male (age 19) models.
Participants
Twenty participants (10 male, 10 female; mean age 22, range 19-36) from the University of California, Santa Cruz, community completed this task. They were all native speakers of North American English from California and had no speech, language, or hearing disorders. They were compensated with course credit.
Stimuli
Stimuli for this task consisted of the eight voices whose selection was described above. The word list for the auditory naming task is identical to that of the attractiveness task.
Procedures
Participants were tested individually and were seated in a sound-attenuated booth in front of a computer screen. Audio was played and recorded through an AKG model HSC 271 MKII headset microphone and M-Audio Audio Buddy preamp. Productions were digitally recorded onto the hard drive of a Windows PC at a 22 kHz sampling rate.
The task was structured as follows. For the baseline productions, each word was presented in the middle of the computer screen in 36-point font in a random order. Participants were instructed to read each word aloud as naturally and clearly as possible. Following the baseline productions, participants were presented with eight shadowing blocks. Each block consisted of the 15 tokens from a model talker in a random order. The task was blocked by model, and the order of the model blocks was randomized across participants. Participants were offered breaks between each model block.
Quantifying accommodation
A perceptual method was used to quantify accommodation (Goldinger 1998; Namy et al. 2002; Pardo 2006) . This method has listeners determine, using an AXB task, whether a talker's shadowed or baseline production was more similar to the model production for a given word. If more of the shadowed tokens are selected as being more similar to the model than the baseline tokens, we infer that the talker has accommodated to the model. If more baseline tokens are selected than shadowed ones, then the talker has not accommodated or has diverged. More detail on this procedure is given in Section 4.3.
Participants
One hundred and fifty-nine participants (107 female, 52 male; mean age 22, range 18-58) completed the AXB task. One hundred twenty-three of these participants were run at the University of British Columbia, and 36 were run at the University of California, Santa Cruz. All participants were native speakers of English and had no speech, language, or hearing disorders. Participants run at UBC were compensated with $10CAN and those at UCSC were compensated with course credit.
Stimuli
Participants' baseline and shadowed productions and the model talkers' productions were used as stimuli in this task. In the small number of cases where there were clear speech errors (e.g., misreading the word tot as tote) or missed items (e.g., failing to shadow a word), those items were not included in the AXB task.
Procedure
Listeners were seated at a computer workstation and presented with auditory stimuli over AKG K240 headphones. Stimuli were presented using E-Prime experimental software (Schneider et al. 2007 ). The basic procedure was an AXB similarity judgment. Each trial consisted of three sound files separated by a 300 ms ISI. The middle token (X) was always a token from a model talker, and the first (A) and third (B) tokens were baseline and shadowed productions from a single participant. The shadowed production was a token that was shadowed in response to the particular model talker and particular token used in the trial. Each trial consisted of a single lexical item. If a participant had misread or mispronounced the baseline production, that word for that participant was not used in the task. The design was blocked by shadower. Within each shadower, the task was blocked by model such that a listener would hear all of the tokens for a particular shadower and model comparison before moving onto the next model for that shadower. Within each shadower/model pair, each potential comparison was played twice to counterbalance the order of the baseline and shadowed tokens. The order of presentation within each shadower/model pair was fully randomized. Due to the large number of tokens, each listener was randomly presented with two shadowers. Listeners were offered short breaks between shadowers. Each shadower was assigned to 15 listeners. Some shadowers were inadvertently assigned to more than 15 listeners; the assignment numbers ranged from 15 to 19 listeners per shadower.
The listeners' task was to determine which participant production sounded more like the model talker. If listeners consistently select the shadowed token as more similar, that is taken as evidence of imitation. If listeners consistently select the baseline token as more similar to the model, that is taken as evidence of divergence; that is, the participant sounded more like the model during baseline productions and sounded less like the model during the auditory naming task. If listeners choose baseline and shadowed tokens with equal probability, it suggests that the shadower did not modify his or her speech as a result of exposure to the model.
Analysis and results
Listener responses were analyzed in a mixed effects logistic regression model that used a binary scoring of listeners' judgments of whether shadowed or baseline tokens were more similar-sounding to the model talker. Shadower Gender (female, male) and Model Gender (female, male) were entered as fixed effects; female was the reference level for both factors. There was a fixed factor Voice Group containing two levels (Typical, Attractive), with Typical as the reference level. For each Voice Group there were voices that were most and least of each type; the Most Attractive and Least Typical voices were predicted to elicit more imitation, and the Least Attractive and Most Typical voices were predicted to elicit less imitation. This was entered into the model as the fixed factor Predicted Convergence with two levels (More Convergence, Less Convergence); we used a coding scheme where voices with which we predicted More Convergence were coded as 1 (Most Attractive, Least Typical), and those where we predicted Less Convergence were given a 0 (Least Attractive, Most Typical). Listener, Shadower, and Word were entered as random effects. Voice Group was a random slope for Listener, Shadower, and Word. 2 This was the maximal random effects structure which still converged for the model; this method was used following Barr et al. (2013) . The results of the model are summarized in Table 3 . When we provide percentages in the text, these values refer to the percentage of trials in which listeners judged shadowed tokens as more similar-sounding to the models' tokens, as compared to shadowers' baseline utterances.
2 lmer(ShadowedTokenMoreSimiliar ~ ShadowerGender * ModelGender * VoiceGroup * PredictedConvergence + (0 + VoiceGroup|Listener) + (1|Listener) + (0+VoiceGroup|Shadower) + (1|Shadower) + (0 + VoiceGroup|Word) + (1|Word), family = "binomial") The significant intercept with a positive coefficient indicates that overall listeners perceived accommodation; the significant effects and interactions indicate, however, that the design of the experiment affected the degree of convergence. Many of the factors involved in simple effects are also involved in highly complex interactions. For example, the effect of Shadower Gender indicates that female shadowers were judged as having imitated more than males (accommdoation was judged for 56.2% of trials with female shadowers vs. 51.9% of the trials for male shadowers), but Shadower Gender also interacted with several other factors. The Voice Group effect found that the Typical voices (55.1%) were overall imitated more than the Attractive voices (53.0%), as were the voices within each group which we predicted to elicit more accommodation (Predicted Convergence effect; 54.7% vs. 53.4%).
The interaction between Shadower Gender and Model Gender is shown in Figure 2 . Figure 2 illustrates the effect of female shadowers accommodating more than males, but also shows that this pattern is more pronounced for female model voices. Listeners judged female shadowers as sounding more similar to the female models 55.9% of the time compared to 51.4% for the male shadowers. This difference was slightly smaller for the male models: 56.6% for female shadowers and 52.4% for male shadowers. Shadower Gender also interacted with Voice Group. As Figure 3 shows, female and male shadowers accommodated to the voices in the Typical Group (57.0% and 53.3% for female and male shadowers, respectively), but only female shadowers accommodated to the voices in the Attractive Group (55.6% vs. 50.5%).
Shadower Gender also interacted with Predicted Convergence. Figure 4 illustrates this effect, showing that females and males accommodated to the voices in the More Convergence group (57% vs. 52.5%); females also accommodated to the voices in the Less Convergence group, while for males the error bars suggest this performance was close to chance (55.6% vs. 51.2%). The interaction between Model Gender and Predicted Convergence is shown in Figure 5 . There was a trend for the male model voices to receive a stronger accommodative response, and this difference was more pronounced for the voices for which we predicted more convergence (Least Typical and Most Attractive). Listeners perceived shadowed tokens as more similar to the male models in 55.3% of the trials for which we had predicted convergence, compared to 54.2% of the trials for the female models for which we had predicted convergence. For the voices where we predicted less convergence, listeners also perceived shadowed tokens as slightly more similar-sounding in response to the male models compared to the female models (53.7% vs. 53.2%). Figure 6 shows the interaction between Voice Group and Predicted Convergence. While the voices where more convergence had been predicted did indeed show more convergence, this effect is stronger for the voices in the Typical Voice Group. In fact, the Typical Voice Group for which we had predicted less convergence (54.4%) elicited more accomodative behavior than the Attractive More Convergence group (53.5%).
All of these effects were moderated by three-way interactions. Figure 7 illustrates the three-way interaction of Shadower Gender, Model Gender, and Predicted Convergence. This figure depicts female shadowers' pattern of overall accommodation, with the most accommodation occurring for the male models for whom more convergence was predicted. Females were perceived as accommodating to the males for whom more convergence was predicted in 58.1% of trials. Female shadowers accommodated more to the female models for whom less convergence was predicted (56.1%) more than they did for the female models for whom more convergence was predicted (55.8%). Female shadowers accommodated least to the male voices for whom less convergence was predicted (55.1%), but their level of accommodation to this set of voices was still higher than any of the convergence rates for the male shadowers. The male shadowers, on the other hand, showed relatively stable amounts of accommodation in response to the female models with more predicted convergence (52.5%), male models with more predicted convergence (52.5%), and male models with less predicted convergence (52.3%). An exception to this pattern was male shadowers' response to the female models for whom less convergence was predicted (50.3%). Figure 8 shows the Shadower Gender × Voice Group × Predicted Convergence interaction. In this interaction we see that male shadowers did not accommodate to the voices in the Attractive Voice Group for whom more (50.0%) or less convergence (51.0%) was predicted -that is, male shadowers did not accom modate to voices which vary along the attractiveness parameter, regardless of whether those voices are More Attractive or Less Attractive. Female shadowers readily accommodated to the Typical (56.7%) and Attractive (57.2%) Voice Groups when convergence was predicted (Least Typical and Most Attractive Voices), and to the voices in the Typical Voice Group when less convergence was predicted (57.2%). The only voice group for which we see some attenuation of female shadowers' propensity to imitate is the Attractive Voice Group for which we predicted less convergence -e.g., to the Least Attractive model voices (54%).
Finally, there was a three-way interaction between Model Gender, Voice Group, and Predicted Convergence, which is shown in Figure 9 . Simply, this figure demonstrates that the Least Typical Male voice, the male voice in the Typical Group for whom we predicted more convergence, is the voice that received the largest amount of accommodation across our collection of model voices (57.3%).
Discussion
The significant effect of overall accommodation suggests that both previously mentioned mechanisms of accommodation have merit: cognitive novelty as well as social preferences seem to motivate imitation. Voice type and predicted convergence were highly affected by gender. Overall, males did not imitate to the extent that females did, although differences between men and women were moderated by voice type. There were some voices, the Least Typical ones, to which male and female shadowers accommodated equally. The Least Typical Male voice elicited the most imitative behavior ( Figure 9) ; this was true for shadowers of both genders as evidenced by the lack of a four-way interaction between Shadower Gender, Model Gender, Predicted Convergence, and Voice Type. Notably, however, men did not accommodate to the Most Attractive and Least Attractive models, while females accommodated to the Most Attractive voices more than they did to the Least Attractive voices (Figure 8 ). This finding somewhat corroborates Babel (2012) , which found that male shadowers were less likely to accommodate to the spectral characteristics of a model's vowels if they had rated the model as attractive; female shadowers, on the other hand, were more likely to accommodate the more attractive they rated the model. In some respects, it seems as though the behavior of the male shadowers provides support for the hypothesis that cognitive novelty drives an imitative response in phonetic accommodation. Males did not accommodate to the voices that varied in attractiveness, and they did not accommodate to the most typical voices of either gender. Male shadowers only accommodated to the least typical voices. The patterns exhibited by female shadowers, on the other hand, provide less clear support for one hypothesis to the exclusion of the other. Like male shadowers, females accommodated to the least typical voices, but they also accommodated at equal or higher levels to the most typical voices. Females accommodated to the most attractive voices more than to the less attractive voices, providing support for the social preferences hypothesis. Female shadowers' accommodation to the most typical voices could also potentially be construed as support for the social preferences hypothesis as well -if females have a stronger desire to fit in, this might lead to accommodative strategies being used with typical-sounding voices. Indeed, males and females have been argued to approach belonging in different ways with the end result being that females often forge more interpersonal connections (Baumeister and Sommer 1997; Cross and Madson 1997) . While we found that, overall, females accommodated more than males, not all studies of accommodation have found similar effects. For example, in a small study of same-sex dyads completing a map task (3 male and 3 female dyads), Pardo (2006) found that male dyads converged more than female dyads, with male receivers of map instructions converging more towards the male givers of instructions than the other way around. In line with the current study, however, Namy et al. (2002) also found higher levels of accommodation for female shadowers. Together, this collection of results illustrates a potential difference in gendered patterns of accommodation across auditory naming tasks and more socially contextualized task-based interactions.
In general, our evidence supports both the social preference and cognitive reflex hypotheses, with female and male shadowers contributing different kinds of evidence. Together, however, we interpret these findings as an indication that both hypotheses play a role in accommodation. Our data suggest that the social preference factors play a stronger role in accommodation for female participants than male participants, and that the cognitive reflex factors play an equal role for both genders. This result is not to say that social preferences do not facilitate phonetic convergence for males: in a study on male roommates, Pardo and colleagues found a correlation between phonetic convergence and roommates' selfreported closeness (Pardo et al. 2012) . Of course, the two proposals of what motivates phonetic convergence are quite intertwined, as what is novel may also be socially preferred. For example, in Babel (2012) , the three participants who accommodated the most in the task came from a dialect region with a fronted [a] production, compared to the Californian [ɑ]; these participants shifted their production of this low vowel dramatically, possibly due to the novelty of backed production, but also potentially due to the California accent being more prestigious than a Minnesotan or Wisconsin accent.
Several aspects of this study find congruence in theories of sound changenotably that females accommodate more than males and that novel voices elicit the most accommodation. In the case of the former, it is tempting to link it to the broad generalization that females often (e.g., Labov 2001), but not always (e.g., Eckert 1989), lead sound changes in North American English. In the latter case, the 'novelty' of the voice leads to innovations being imitated more than typical voices.
In Pierrehumbert's (2002) exemplar-based model of speech perception and production, abstract phonological generalizations and representations are associated with parametric multidimensional auditory-phonetic distributions. These distributions are activated at a phonetic implementation stage in production, allowing previously experienced tokens to influence the output through the perception-production loop. Now, in terms of fitting our results, particularly with the finding that females generally accommodate more than males, within this model we must make reference to the sociolinguistic literature that convincingly argues that differences between men and women's behavior does not stem from "inherent personality traits (i.e., their supposed orientation to prestige). Rather, we can look to a range of other factors, including societal and local power relations, and gender roles" (Schilling-Estes 2002: 126) . That is, it is not that being a female itself leads to certain behaviors, but socialized practices lead to particular behaviors (see Cheshire [2002] for an overview of sex and gender in variation research). Moreover, it should be noted that females generally show a greater ingroup bias, such that females show a greater preference for their fellow females than males show for their fellow males (Rudman and Goodwin 2004) , which might suggest more social preference-based imitative behavior among women (see also Cross and Madson 1997; Baumeister and Sommer 1997) . Given the context of a relatively asocial experimental task, we are examining how socialized behaviors transform the ways in which listeners perceive, encode, and produce phonetic variation.
Females have been noted to use a wider range of variants than men (e.g., Eckert 1988; Chambers 1992; Labov 2001) . This is arguably due to their more diverse social networks and, hence, exposure to a greater amount of phonetic variation (Milroy and Milroy 1985) . This larger phonetic repertoire would mean that females' exemplar distributions would cover a wider space, facilitating accommodation to a larger range of voice types. Phonetic repertoire has been previously evoked as explanation for phonetic accommodation (Babel 2009; Kim et al. 2011 ). This account, however, does not hold for the data presented above. Males and females accommodated equally to the novel, atypical voices -the voice types which would likely require a larger repertoire -and the cases in which females imitated more than males are those voice types which appeal more to the social preferences hypothesis.
In a similar vein as the repertoire theory, a second possibility for the observed findings also attributes the observed patterns to differences in the exemplar distributions for males and females. Females may pay more attention to the details of the input; thus, their parametric distributions of phonetic substance may be more detailed. Indeed, there is some indication that females have better episodic memory than males (Herlitz et al. 1997) . Namy et al. (2002) suggest that socialized practices may lead females to attend more to indexical features, which they argue leads to more accommodation by females. Females' greater in-group biases may also play a role here. Using a minimal group paradigm, research on face processing has found that perceivers encode in-group and out-group faces differently, resulting in improved memory for in-group faces (Young et al. 2010 ; Van Bavel and Cunningham 2012) . Because of this greater in-group bias, female shadowers may be encoding the speech signal in more detail, leading to more accommodation for those voices in which in-group bias is expected (i.e., attractive and typical voices). Such a difference in perceptual encoding and subsequent exemplar distributions for males and females could be implemented through an attention weighting mechanism (Johnson 1997 ).
An account for these results could come from the production side of the model, as well: in activating distributions for phonetic implementation in production, females allow distributions activated based on previous experience to affect production more than males. While this is a theoretical possibility, there is little supporting evidence to corroborate such a difference.
Our results do not clearly demonstrate that females' behavior in shadowing tasks is the result of more detailed perceptual processes, but several lines of research converge on this conclusion. Regardless of the mechanism or mechanisms underlying the observed behaviors, however, it is clear that females accommodate more than males to the attractive and typical voices. Labov (2001) has suggested that females are more sensitive to incoming prestige forms in the context of sound change. This generalization has received substantial criticism (e.g., Schilling-Estes 2002), yet our finding that females accommodate to the attractive and the more typical suggests that our female participants were attuned to the possible prestige associated with these voices even in decontextualized singleword shadowing tasks. Listeners' abilities at deciphering socially informative phonetic variation are clearly well adapted (e.g., Bestelmeyer et al. 2012) .
The change-by-accommodation model has some support in that this study and many others find evidence that participants in accommodation paradigms do in fact modify their productions. However, the extent and persistence of these changes are less well established, and thus the model is still largely untested. While it seems intuitive that actual sound change cannot function on such a short time span with small amounts of input, we would argue that accommodation is a consequence of speakers exploiting the synchronic pool of variation in interaction, which can eventually manifest itself in terms of real long-term sound change (Ohala 1989) . Phonetic accommodation contributes to change by disseminating the seeds for potential sound changes. Not all sound changes propagate through accommodation. For example, accommodation-induced change may fail to propagate in circumstances where pejorative social meaning is associated with a form, or competing linguistic conditions disfavor a particular change.
Conclusion
This study demonstrates that listeners employ both social preferences and cognitive reflexes when evaluating speech to which they are exposed. Women are found to draw more from social preference factors than men, and accommodation motivated by cognitive reflexes contributes to phonetic imitation more similarly for both genders. It is recognized that these two cognitive mechanisms are not mutually exclusive from one another, in that novelty may positively affect social preference. While further experimentation and study is required to fully test whether accommodation is a viable mechanism for sound change, it remains an intriguing possibility, as the results of this study do indeed indicate that listeners-turned-speakers modify their speech in response to the characteristics of the voices they are hearing.
